Sialidase activity in the rat colonic mucosal cells differed markedly from the faecal sialidase activity. Mucus glycoprotein was a very poor substrate and NeuAca(2+6)-GalNA~[~Hl-ol was not hydrolysed (Table I) . K-Casein was readily hydrolysed by the enzyme in membranes and supernatant. This may correspond to sialidase activity with a preference for membrane glycoconjugates since substrates 7 and 9 (Table 1) are the major oligosaccharides in the Kcasein substrate (Montreuil, 1982) and are found on membrane-associated glycoproteins. Both of these oligosaccharide substrates are hydrolysed by the mucosal sialidase, but the branched trisaccharide 8 (Table l) , which is typical of secreted mucus glycoproteins, was hydrolysed at a low rate.
Introduction
The N-and 0-glycosidically linked carbohydrate chains of glycoproteins have traditionally been distinguished by the stability of the former and the lability of the latter to mild alkali (e.g. 0.05~-sodium hydroxide at 37-50°C). Mildalkali treatment was originally used to release 0-linked chains under conditions allowing the partial degradation (referred to as 'peeling') of the released oligosaccharides (Lloyd et a[., 1968) . Subsequently, 1 M-sodium borohydride was added to the mild base (Iyer & Carlson, 1971 ; Anderson et al., 1972) . This alkaline borohydride-degradation condition, popularly known as the Carlson degradation, prevents the peeling reaction by immediate reduction of the released chains. However, it has recently been suggested that the sodium borohydride results in a substantial release of N-glycosidically linked chains (Rasilo & Renkonen, 1981; Ogata & Lloyd, 1982) . These authors reported that treatment of several glycoproteins or glycopeptides at 37-50°C with 0.05~-sodium hydroxide in 1 M-tritiated sodium borohydride yielded radioactively labelled alditols (identified by paper chromatography) formed at the reduced end of O-linked and N-linked chains (N-acetylgalactosaminitol and N-acetylglucosaminitol respectively) . From their findings on radioactive-label incorporation it was proposed that between 30 and 60% of N-linked chains could be released by mild-alkaline borohydride treatment. One of the glycoproteins investigated in this way was fetuin, the carbohydrate chains of which have also been analysed by chemical methods after alkaline borohydride degradation (Spiro & Bhoyroo, 1974; Nilsson et al., 1979) . In these studies the presence of N-acetylglucosaminitol was not reported although the latter authors did find some mannose and N-acetylglucosamine in a dialysable fraction which they did not characterize further.
In the present study we have investigated the effects of alkali and alkaline borohydride on the carbohydrate and protein moieties of fetuin using Sephadex G50 chromatography and subsequent analysis of oligosaccharides and glycopeptides with g.l.c., m.s. and h.p.1.c.
Experimental
Glycopeptide and oligosaccharide preparations. Fetuin (type IV) was purchased from Sigma Chemical Co. Ltd., Poole, U.K. Pronase glycopeptides were obtained by three successive 24h digestions of 2mg of fetuin with 1OOpg of Pronase (type B, Calbiochem, San Diego, California, U.S.A.) in 0.1 M-Tris/HCI (Sigma Chemical Co. Ltd.) containing 0.005~-Ca*+, pH8.
Base borohydride degradation was carried out using the conditions designed by Iyer & Carlson (1971) . Typically, 5mg of glycoprotein was dissolved in 0.2ml of 0 . 0 5~-sodium hydroxide containing 1 M-sodium borohydride (BDH Ltd., Poole, U.K.). The samples were heated at 50°C for 16h, neutralized with glacial acetic acid and applied directly to a Sephadex G5O column (see below). The same procedure was used for a sample of fetuin (5mg) treated with base alone (sodium borohydride omitted) and for 5 mg of asialofetiun. Fetuin was desialylated at 50mg/ml with 1 unit/ml of Vibrio cholerae neuraminidase (Behringwerke AC Marburg, West Germany). A further 0.5 mg of asialofetuin was subjected to alkaline borohydride degradation as described above with the addition of lmCi of tritiated sodium borohydride (273 Ci/mol, Amersham International plc, Amersham, U.K.).
Hydrazinolysis of asialofetuin (3.6mg) was according to the method of Takasaki et al. (1982) . The released oligosaccharides were re-N-acetylated in saturated sodium bicarbonate (0.5ml) with five successive additions of acetic anhydride (5pl) at lOmin intervals and deionized using AG50W-X8 (H+) and AGI-X2 (OH-) resins 2OWlOO mesh (Bio-Rad Laboratories Ltd., Watford, U.K.).
Analytical methods. Sephadex G50 chromatography (Pharmacia Fine Chemicals AB, Uppsala, Sweden) was performed using a 1.5cm x 88cm column, eluted with 0.1 Matnmonium acetate, pH 7, calibrated with blue dextran 2000 ( V , ) and dextran TI0 from Pharmacia Fine Chemicals AB, lactose and sodium chloride (V,) from BDH Ltd. and several amino acids which chromatographed at V, (methionine, histamine, alanine and glutamine from Sigma Chemical Co. Ltd.). Fractions (1.4ml) were collected and analysed for hexose by the phenol/sulphuric acid assay (Dubois et al., 1956) and for protein by the ninhydrin assay (Kabat, 1961) .
Radioactive material was hydrolysed in ~M -H C I for 4h at 100°C and separated on an AG50W-X8 (H+) ion-exchange column (1 cm x 6cm). The ~M -H C I eluate was evaporated and re-evaporated with water, stored over KOH and then re-N-acetylated and deionized as described above. The hexosaminitol acetates were identified by t. Methylation and subsequent derivatization to partially methylated alditol acetates was as described by Stellner et al. (1973) . A Varian MAT731 mass 'spectrometer (Varian Associates, Bremen, West Germany) was used at 70eV ionizing voltage and 8kV accelerating voltage to identify the alditols separated on a 25m (0.3mm inner diameter) fused silica column (Sil 5 CB, Chrompak, U.K. Ltd., London), with a temperature programme from 120-170°C at a rate of 2"C/min. Samples were injected using a solid injection system with an injection temperature of 175°C and with the transfer line to the mass spectrometer at a temperature of 250°C.
H.p.1.c. was carried out using a SP8700 solvent delivery system, a SP8400 variable wavelength detector at 208 nm and a SP4100 computing integrator (all from Spectra Physics, Santa Clara, CA 95051, U.S.A.) and a column (12mm x 250mm) of silica chemically bonded with aminopropyl groups (APS-hypersil 5 p~ from Shandon Southern Products, Runcorn, U.K.). The solvent system was a gradient from 20% 15m~-phosphate buffer and 80% acetonitrile to 80% buffer and 20% acetonitrile in 20min.
Results and discussion
When untreated fetuin was chromatographed on the Sephadex G50 column (Fig. la) , hexose-and ninhydrinpositive material eluted in the excluded fraction. On treatment with mild alkali, a proportion of this material chromatographed in the included volume with a peak at fraction 60 (Fig. 16) . The major slow-eluting peak detected by the ninhydrin assay in all samples treated with alkali or alkaline borohydride was identified on an amino acid analyser as ammonium salt with some amino acid material (A. S. R. Donald, unpublished work). G.1.c. analysis of the two pooled fractions A and B of the alkali-treated fetuin showed that they contain monosaccharides with molar ratios consistent with N-linked carbohydrate chains (Table  1) . The expected loss of the O-glycosidically linked chains was shown by the decreased content of galactose and sialic acid relative to the original fetuin and the absence of Nacetylgalactosamine. Aliquots of pools A and B from alkalitreated fetuin were reduced with sodium borohydride, derivatized to partially methylated alditol acetates and subjected to g.1.c.-m.s. analysis (Table 2 ). There was no evidence for the presence of oligosaccharides containing reducing-end N-acetylglucosamine, for the alditol acetate of 1,3,5,6-0-Me-GlcNMeAc was not detected. Thus pool B contained released glycopeptides rather than N-linked oligosaccharides.
Addition of 1 M-sodium borohydride to the 0.05~-sodium hydroxide results in the complete breakdown of the polypeptide backbone of fetuin as detected by the ninhydrin assay (Fig. lc) . The greater proportion of hexose-containing material co-chromatographed with the glycopeptides formed by Pronase digestion of fetuin (Fig. Ic) . G.1.c. analysis of the three pools A, B and C from alkaline borohydride-treated fetuin (Table 1) ., readings at 490nm for hexose of Pronase-digested fetuin; 0 , readings at 570nm for ninhydrin-positive material. Arrows refer to positions of Vo (1); dextran M , 10000 (2); lactose (3) and V, (4). Column dimensions and conditions of chromatography are described in the Experimental section. OD, Optical density.
linked chains in pool C. The detection of some reduced N-were treated with alkaline borohydride the estimates of acetylglucosamine (GlcNAc-ol) in pool B suggested that a reduced N-acetylglucosamine ranged from 2.4-4.7% (mean proportion of the N-linked chains has been released from 4.0%). This was consistent with 10-20% of the N-linked protein with simultaneous reduction. Similar results were chains having been released from protein. The variability in obtained from g.1.c. analysis of pools A, B and C obtained analysis is probably due to the difficulties in g.1.c. by alkaline borohydride treatment of asialofetuin ( Fig. Id; quantification of the small, single peak given by N-acetyl- Table 1 ). In six experiments in which fetuin and asialofetuin glucosaminitol. (Table 2) . H.p.1.c. of pool B from asialofetuin gave a peak eluting at 19.2min which co-chromatographed with the major radioactive component obtained from tritiated sodium borohydride reduction of the hydrazinolysis product of asialofetuin (results not shown).
These results are in partial accord with the findings of Rasilo & Renkonen (1981) and Ogata & Lloyd (1982) . We confirm that alkaline borohydride treatment of fetuin liberates some N-linked oligosaccharides, However, only a small percentage of N-linked oligosaccharides was released in the present studies. In addition we have evidence for the Occurrence of other degradative processes besides the proposed cleavage of the GlcNAc-Asn bond, for we have detected non-reducing-end N-acetylglucosamine (Table 2 : alditol acetate of 3,4,6-0-Me-GlcNMeAc). This could be given by loss of some terminal galactose but may possibly arise from degradation of N-linked chains between the Nacetylglucosamine residues of the chitobiosyl core as follows :
Gala 
Summary
In the light of recent reports, based on radioactive labelling studies, that substantial amounts of N-linked oligosaccharides are released from protein under the mildalkaline borohydride degradation conditions that are usually used to release 0-linked oligosaccharides, we have investigated by chemical methods the effects of alkali alone and alkaline borohydride on the carbohydrate and peptide moieties of fetuin. The chromatographic profiles on Sephadex G50 columns, of the hexose-and ninhydrinpositive components of the native and Pronase-treated glycoprotein have been compared with those obtained after treatment with mild alkali alone (0.05~-NaOH, 5OoC, 16h) or mild-alkaline borohydride (O.OSM-N~OH containing 1 MNaBH,, 5OoC, 16 h). Composition and methylation analyses
